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$EVWUDFW
,VFKHPLF SUHFRQGLWLRQLQJ ,3& LQGXFHG E\ DGPLQLVWUDWLRQ RI EULHI HSLVRGHV RI LVFKHPLDUHSHUIXVLRQ UHSUHVHQWV D SURWHFWLYH
PHFKDQLVPRIWKHKHDUWDJDLQVWSURORQJHGHSLVRGHVRILVFKHPLD$OWKRXJKWKHPHFKDQLVPRILVFKHPLFSUHFRQGLWLRQLQJKDVEHHQ
H[WHQVLYHO\ VWXGLHG KRZHYHU XQWLO QRZ LW LV LQVXIILFLHQW HOXFLGDWHG 8VLQJ D /DQJHQGRUII UDW KHDUW PRGHO ZLWK  PLQXWHV
LVFKHPLDIROORZHGE\PLQXWHUHSHUIXVLRQZHDLPHGWRHYDOXDWHWKHUROHRI3KRVSKRFUHDWLQ.LQDVH&3&.LQLVFKHPLFUDW
P\RFDUGLXPDQGGHPRQVWUDWLRQRILWVLQYROYPHQWLQWKHSDWKRISKDUPDFKRORJLFDOSUHFRQGLWLRQLQJ33E\XVLQJ3.&DFWLYDWRUV
GLRFWDQR\OVQJO\FHURO '2* DQG LQKLELWRUV FKHOHU\WKULQH &+( DQG HYDOXDWLRQ RI WKH UROH RI .$73 FKDQQHOV LQ
SKDUPDFKRORJLFDO SUHFRQGLWLRQLQJ 33 PHFKDQLVP E\ DGPLQLVWUDWLRQ RI D .$73 FKDQQHO RSHQHU &URPDNDOLP &5. RU E\
EORFNLQJWKHRSHQLQJRI.$73FKDQQHOVZLWKJOLEHQFODPLGH*/%7KHDFWLYDWRUVRI3&.'2*DQGRI.$73FKDQQHO&5.
OLPLWHG WKH LQIDUFW VL]H ZKHQ SHUIXVHG EHIRUH OHWKDO LVFKHPLD PLPLFNLQJ WKH LVFKHPLF SUHFRQGLWLRQLQJ LQ UDW KHDUW :KHQ
DFWLYDWRURI3&.'2**/%D.$73FKDQQHO LQKLELWRUZHUHFRSHUIXVHGEHIRUHWKHOHWKDO LVFKHPLD WKHUHZDVDQLQFUHDVHLQ
P\RFDUGLDO LQIDUFWVL]HH[SUHVVHGDVDSHUFHQWDJHRI WKHDUHDDWULVNYHUVXVFRQWURO WKHFDUGLRSURWHFWLYHHIIHFWRI'2*EHLQJ
DEROLVKHGE\*/%7KHVDPHUHVXOWVZHUHREWDLQHGZKHQ&+(WKHLQKLELWRURI3&.ZDVFRSHUIXVHGZLWK&5.WKHDFWLYDWRURI.
$73FKDQQHO7KHHIIHFW RI&+(DQG*/%SHUIXVHG DW WKHEHJLQQLQJRI ,3& UHVXOWHG LQ ORVV RI SURWHFWLRQDFFRPSDQLHGE\ D
VLJQLILFDQW LQFUHDVH LQ LQIDUFW VL]HDUHD7KH ILQGLQJ WKDW WUHDWPHQWZLWKD '2*3.&DFWLYDWRU DQG&5.DFWLYDWRURI.$73
FKDQQHOJLYHVDVLPLODUGHJUHHRISURWHFWLRQDJDLQVWLQIDUFWLRQDVWKDWVHHQDIWHULVFKHPLFSUHFRQGLWLRQLQJDQGWKDWWKLVSURWHFWLRQ
FDQEHEORFNHGE\&+(D3&.SKDUPDFKRORJLFDOLQKLELWRUSURYLGHVVXSSRUWIRUWKHK\SRWKHVLVWKDW3.&SOD\VDSLYRWDOUROHLQ
LVFKHPLFSUHFRQGLWLRQLQJ2XUGDWDPD\KDYHDVLJQLILFDQFHLQSKDUPDFKRORJLFDOSUHFRQGLWLRQLQJ33ZLWKGHFUHDVHLQLQIDUFW
VL]HDVDQHQGSRLQW

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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
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33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3&..$73FKDQQHOVLVFKHPLDUHSHUIXVLRQ*OLEOHQFODPLGH&URPDNDOLP&KHOHU\WULQH.
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,QWURGXFWLRQ
&RURQDU\ DUWHU\ GLVHDVH UHSUHVHQWV D JOREDO EXUGHQ RQ KHDOWK FDUH UHVRXUFHV DQG LW LV WKH OHDGLQJ FDXVH RI
PRUELGLW\DQGPRUWDOLW\LQWKHZRUOGE\*RHWDO5HSHDWHGVKRUWHSLVRGHVRILVFKHPLDDQGUHSHUIXVLRQ
KDYHEHHQGHPRQVWUDWHGWRPDNHP\RFDUGLXPWUDQVLHQWO\PRUHUHVLVWDQWWRGHOHWHULRXVHIIHFWVRISURORQJHGLVFKHPLD
DQG WKLVSDUDGR[LFDO IRUPRIP\RFDUGLDODGDSWDWLRQKDVEHHQ WHUPHGDV LVFKHPLFSUHFRQGLWLRQLQJ%UDXQZDOGDQG
.ORQHU7KHRFFOXVLRQRIFLUFXPIOH[DUWHU\KDVSURGXFHGSURWHFWLRQRIP\RFDUGLXPVXSSOLHGE\OHIWDQWHULRU
GHVFHQGLQJFRURQDU\DUWHU\DQGWKLVSKHQRPHQRQLVWHUPHGDVLQWUDFDUGLDFSUHFRQGLWLRQLQJ0XUU\
$FXWHP\RFDUGLDO LQIDUFWLRQ$0, WKH FOLQLFDOPDQLIHVWDWLRQ RI LVFKHPLDUHSHUIXVLRQ ,5 LQMXU\ LV D OHDGLQJ
FDXVH RI GHDWK LQ WKHZRUOG *R HW DO  ,Q %UDXQZDOG ILUVW SURSRVHG WKH FRQFHSW WKDW ³MXVW EHFDXVH
P\RFDUGLDO WLVVXH OLHV ZLWKLQ WKH GLVWULEXWLRQ RI D UHFHQWO\ RFFOXGHG FRURQDU\ DUWHU\ GRHV QRW PHDQ WKDW LW LV
QHFHVVDU\FRQGHPQHGWRGHDWK´%UDXQZDOGDQG.ORQHU7KLVVWDWHPHQWZDVDWWKHRULJLQRIWKHFRQFHSWRI
³GDPDJHFRQWURO´ZKLFKDLPVDWOLPLWLQJFDUGLDFLQMXU\E\PHDQRIHDUO\UHSHUIXVLRQDQGDGMXQFWLYHSKDUPDFRORJLF
WKHUDS\ $OWKRXJK SHUFXWDQHRXV FRURQDU\ LQWHUYHQWLRQV DQG WKURPERO\WLF WKHUDSLHV DUH HIIHFWLYH LQ OLPLWLQJ WKH
GXUDWLRQ RI LVFKHPLD WKH UHLQWURGXFWLRQ RI EORRG IORZ WR SUHYLRXVO\ LVFKHPLF DUHD FDXVHV DGGLWLRQDO GDPDJH
FROOHFWLYHO\NQRZQDVUHSHUIXVLRQLQMXU\7KHILUVWIRUPRIFRQGLWLRQLQJZDVGLVFRYHUHGE\0XUU\DQGFROOHDJXHVLQ
LQWKLVVWXG\WKHDXWKRUVPDGHZKDWDWWKDWWLPHDSSHDUHGRQHRIWKHPRVWHIIHFWLYHZD\VWRUHGXFHUHSHUIXVLRQ
LQMXU\LVLVFKHPLFSUHFRQGLWLRQLQJ,3&ZKLFKLVLQGXFHGE\VHYHUDOF\FOHVRIEULHILVFKHPLDDQGUHSHUIXVLRQERXWV
SULRU WR WKH SURORQJHG LVFKHPLD SURWHFWLYH DJDLQVW D ORQJHU LVFKHPLF HSLVRGH 7KH SURWHFWLRQ DIIRUGHG E\ WKLV VR
FDOOHG³SUHFRQGLWLRQLQJ´DJDLQVW FHOOGHDWK LVGUDPDWLF DQG LVREVHUYDEOH LQDOO VSHFLHV LQYHVWLJDWHG DVZHOO DV LQ
WLVVXHV RWKHU WKDQ WKH P\RFDUGLXP $OWKRXJK D ODUJH QXPEHU RI VWXGLHV KDYH LGHQWLILHG GLIIHUHQW WULJJHUV DQG
PHGLDWRUVRISUHFRQGLWLRQLQJWKHLUFOLQLFDODSSOLFDELOLW\KDVEHHQOLPLWHG
3UHFRQGLWLRQLQJ VLJQDOOLQJ 7KH XQGHUO\LQJ PHFKDQLVP RI ,3& LV PDGH XS RI FRPSOH[ VLJQDOOLQJ SDWKZD\V
LQFOXGLQJWULJJHUVPHGLDWRUVDQGHIIHFWRUV*HQHUDOO\DXWRFULQHDQGSDUDFULQHVLJQDOOLQJLQGXFHGE\,3&ILUVWVWDUWV
ZLWKWKHDFWLYDWLRQRIPHPEUDQHUHFHSWRUVLQFOXGLQJDGHQRVLQHEUDG\NLQLQ%DQJLRWHQVLQRSLRLGDQGHQGRWKHOLQ
UHFHSWRUV'RZQH\HWDO

02/(&8/$50(&+$1,60
,VFKHPLFSUHFRQGLWLRQLQJVHHPVWRRSHUDWHYLDDJRQLVWELQGLQJWR*LSURWHLQFRXSOHGUHFHSWRUVSULRUWRLVFKHPLD
ZKLFKWULJJHUVDVLJQDOLQJFDVFDGHWKDWSURWHFWVWKHKHDUWIURPPLWRFKRQGULDOSHUPHDELOLW\WUDQVLWLRQ0377KHVH
WULJJHUVLQRXUFXUUHQWXQGHUVWDQGLQJLQGXFHWKHIRUPDWLRQRIDYHVLFXODUFDYHRODUVLJQDOLQJSODWIRUPVLJQDORVRPH
WKDW FRQWDLQ WKH HQ]\PHV RI WKH SDWKZD\ DQG WHUPLQDWHV LQ DFWLYDWLRQ RI JXDQ\O\O F\FODVH UHVXOWLQJ LQ LQFUHDVHG
SURGXFWLRQRIF*03DQGVXEVHTXHQWDFWLYDWLRQRISURWHLQNLQDVH*3.*4XLQODQHWDOF*03DFWLYDWHG
3.*SKRVSKRU\ODWHVDSURWHLQRQWKHPLWRFKRQGULDORXWHUPHPEUDQH020ZKLFKWKHQFDXVHVWKHPLWRFKRQGULDO
.$73 FKDQQHO PLWR.$73 RQ WKH PLWRFKRQGULDO LQQHU PHPEUDQH WR RSHQ OHDGLQJ WR LQFUHDVHG SURGXFWLRQ RI
UHDFWLYH R[\JHQ VSHFLHV 526 E\ WKHPLWRFKRQGULD 7KH SURWHFWLYH VLJQDO IURP WKH020 LV WUDQVPLWWHG WR WKH
PLWRFKRQGULDO LQQHU PHPEUDQH E\ D VHULHV RI LQWHUPHPEUDQH VLJQDOOLQJ VWHSV WKDW LQFOXGHV 3.& DFWLYDWLRQ 7KH
UHVXOWLQJ526 WKHQ DFWLYDWH D VHFRQG 3.& SRROZKLFK WKURXJK DQRWKHU VLJQDO WUDQVGXFWLRQ SDWKZD\ WHUPHG WKH
PHGLDWRUSDWKZD\FDXVHVLQKLELWLRQRI037DQGUHGXFWLRQLQFHOOGHDWK&RVWDHWDO7KHPHFKDQLVPRI3.&
DFWLYDWLRQGXULQJLVFKHPLFSUHFRQGLWLRQLQJLVSRRUO\NQRZQDQXPEHURISRWHQWLDOPHGLDWRUVRI3.&DFWLYDWLRQKDV
EHHQ GHVFULEHG LQ H[SHULPHQWDO VWXGLHV FDUULHG RXW RQ P\RFDUGLXP IURP UDW GRJ UDEELW DQG PDQ DPRQJ WKHVH
PHGLDWRUVLQFOXGH1LWULF2[LGH125HDFWLYH2[\JHQ6SHFLHV526'LDF\OJO\FHURO6WHLQEHUJ
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
301 Cristian Romeo Revnic et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  299 – 310 
3URWHLQNLQDVH±&3.& LVFRPSULVHGRID IDPLO\RI VLJQDOUHJXODWHGHQ]\PHV WKDWSOD\SOHLRWURSLF UROHV LQ WKH
FRQWURO RI PDQ\ SK\VLRORJLFDO DQG SDWKRORJLFDO UHVSRQVHV *DUOLG HW DO  ([SHULPHQWV FRQGXFWHG RQ UDW
P\RFDUGLXPVKRZHGWKDWWKHUHDUHVHYHUDOLVRIRUPVRI3.&ZKLFKKDYHEHHQGLYLGHGLQWRWKUHHFDWHJRULHVFODVVLF
QHZDQGXQXVXDOWKHGLIIHUHQFHEHWZHHQWKHPEHLQJRQWKHQHHGRIWKHSUHVHQFHRIGLIIHUHQWDFWLYDWRUV.DZDPXUD
HW DO  7KH FODVVLF 3.& JURXS FRQWDLQV 3.&Į ZKLFK UHTXLUHV IRU DFWLYDWLRQ WKH SUHVHQFH RI &D
SKRVSKDWLG\OVHULQH'2*WKHQHZ3.&JURXSFRQWDLQV3.&įDQG3.&İWKHLUDFWLYDWLRQLVGRQHLQWKHSUHVHQFHRI
'2*DQGSKRVSKDWLG\OVHULQH7KHJURXSRI DW\SLFDO 3.& LQFOXGHV3.&ȗZKLFK UHTXLUHV IRU DFWLYDWLRQ RQO\ WKH
SUHVHQFHRISKRVSKDWLG\OVHULQH1LVKL]XND

,6&+(0,&35(&21',7,21,1*$1'.$73&+$11(/6
7KHPDLQIXQFWLRQVRI.$73DUHFRQFHUQHGLWVHHPWREHDVUHVSRQGHUVWRFDUGLDFVWUHVV:DQJHWDODQG
VKRUWHQLQJ WKH GXUDWLRQ RI WKH FDUGLDF DFWLRQ SRWHQWLDO VKRXOG GHFUHDVH P\RF\WH &D LQIOX[ DQG IRUFH RI
FRQWUDFWLRQDQGFRQVHTXHQWO\WKHUHTXLUHPHQWIRU$73ZKLFKLVLQVKRUWVXSSO\LQK\SHUWURSKLFFDUGLDFP\RF\WHV
.DQHHWDO
$ QXPEHU RI VWXGLHV KDYH HYDOXDWHG WKH UROH RI.$73 FKDQQHOV LQ LVFKHPLF SUHFRQGLWLRQLQJPHFKDQLVP WKHUH
ZHUHGHVFULEHGWZRW\SHVRI.$73FKDQQHOVLQYROYHGVDUFRSODVPLFVDUF.$73VLPLWRFKRQGULDOPLWR.$73
&DUGLRP\RFLWH LVFKHPLD LQYROYHV VDUF.$73 RSHQLQJ OHDGLQJ WR DQ LQFUHDVHG LQIOX[ RI. DQG VKRUWHQLQJ WKH
DFWLRQSRWHQWLDOZLWKLQFUHDVHGULVNRIDUUK\WKPLDV.DQHHWDO
,QIRUPDWLRQV UHJDUGLQJ ,3& KDV EHHQ GHULYHG PDLQO\ IURP WKH XVH RI . FKDQQHOV RSHQHUV .&2V VXFK DV
QLFRUDQGLOGLD]R[VLGHSLQDFLGLODQG&URPDNDOLPZKLFKFDQPLPLF,3&DQGWKDWLQWHUDFWSULPDUO\ZLWKPLWR.$73
FKDQQHOV UDWKHU WKDQVDUFROHPDO VDUF.$73 FKDQQHOVDQG IURP WKHXVHRIEORFNHUV VXFKDVJOLEOHQFODPLGHDQG
K\GUR[LGHFDQRLFDFLG+'ZKLFKGLPLQLVKWKHEHQHILFLDOHIIHFWVRIVKRUWLVFKHPLFHYHQWVRQFDUGLDFWLVVXH
7KHUHIRUHDFRQVLGHUDEOHDWWHQWLRQKDVEHHQIRFXVHGRQWKHRSHQLQJRIWKHPLWRFKRQGLDOPLWR.$73FKDQQHODVD
SULPDU\ UHJXODWRU\ HYHQW LQPLWRFRQGULDO FDUGLRSURWHFWLYH VLJQDOLQJ LQ LVFKHPLF SUHFRQGLWLRQLQJ ,3& 'ROLQVN\
DQG '\FN  &DUGLRSURWHFWLYH HIIHFW RI ,3& LV PHGLDWHG E\ PLWR.$73 RSHQLQJ PLWRFKRQGULDO &DOFLXP
RYHUORDGLQJDQG LQFUHDVHPLWRFKRQGULDO UHDFWLYH VSHFLHV 526JHQHUDWLRQ OHDGLQJ WR IXUWKHU3&.DFWLYDWLRQ7KH
FDVFDGHRIFDUGLRSURWHFWLYHHYHQWVFDQEHLQLWLDWHGE\WKHELQGLQJRIDGHQRVLQHRSLRLGVDFHW\OFKROLQHEUDG\NLQLQ
OLJDQGV WR * FRXSOHG UHFHSWRUV DQG VXEVHTXHQW DFWLYDWLRQ RI FDOFLXP IOX[ 73. W\URVLQH SURWHLQ NLQDVH WKH
3,.$NWSDWKZD\VDQGPLWR.$73PRGXODWLRQ5HYQLFHWDO5HJXODWLRQRILRQFKDQQHOWKURXJKDFWLYDWLRQ
RINLQDVHV VXFK DVSURWHLQNLQDVH$ 3.$DQG3.& LV DQ LPSRUWDQWPHFKDQLVP WKDW UHJXODWHV DZLGHYDULHW\RI
FHOOXODUIXQFWLRQV7KHSKRVSKRU\ODWLRQE\3.$DQG3.&RQVHULQHDQGWKUHRQLQHUHVLGXHLVNQRZQWRDOWHUFKDQQHO
SURSHUWLHV E\PRGLI\LQJ WKH NLQHWLFV DQGRU QXPEHU RI FKDQQHOV SUHVHQW RQ SODVPDPHPEUDQH LQFOXGLQJ .$73
FKDQQHOV&ODVVLFDO.$73FRQVLVWRILQZDUGUHFWLILHU.LUVXEXQLWVDQGVXOIRQ\OXUHDUHFHSWRUVXEXQLWV685RU
685 7KH 685 LV D PHPEHU RI WKH $73ELQGLQJ FDVVHWWH $%& IDPLO\ RI SURWHLQV DQG DFWV DV D UHJXODWRU\
VXEXQLW FRQIHUULQJ $'3 VHQVLWLYLW\ DQG WKH GLVWLQFWLYH SKDUPDFRORJLFDO FKDUDFWHULVWLFV RQ WKH .$73 FKDQQHO
FRPSOH[ 2Q WKH RWKHU KDQG WKH .LU[ VXEXQLW IRUPV WKH SRUH RI WKH FKDQQHO DQG PHGLDWHV WKH GHILQLQJ $73
GHSHQGHQWLQKLELWLRQRI.$73FKDQQHOV,QDGGLWLRQWREHLQJUHJXODWHGE\YDULRXVQXFOHRWLGHV.$73FKDQQHOVDUH
PRGXODWHG E\ KRUPRQHV QRUDGUHQDOLQH LQWUDFHOOXODU VLJQDOV VXFK DV * SURWHLQV *V SKRVSKDWLG\OLQRVLWRO
SKRVSKDWH3,3WKDWPRGXODWH.$73FKDQQHODFWLYLW\6]ZF]\NDQG:RMWF]DN

2%-(&7,9(6
8VLQJD/DQJHQGRUIIUDWKHDUWPRGHOZLWKPLQXWHVLVFKHPLDIROORZHGE\PLQXWHUHSHUIXVLRQZHDLPHGWR
HYDOXDWH
7KHHIIHFWRI LVFKHPLFSUHFRQGLWLRQLQJ ,3& [PLQXWHV LVFKHPLDDOWHUQDWHGZLWKPLQXWHV UHSHUIXVLRQRQ
LQIDUFWVL]HDVDQHQGSRLQWEHFDXVHLVDUREXVWLQGLFDWRURISUHFRQGLWLRQLQJLQGXFHGSURWHFWLRQ
7KH HIIHFWRISKDUPDFKRORJLFDO LQKLELWRURI3&.FKHOHU\WKULQH &+( DQGSKDUPDFKRORJLFDO LQKLELWRURI.$73
FKDQQHO*OLEOHQFODPLGH*/%SHUIXVHGEHIRUHLVFKHPLFSUHFRQGLWLRQLQJ,3&SURWRFRO
7KHUROHRI3KRVSKRFUHDWLQ.LQDVH3&.LQLVFKHPLFUDWP\RFDUGLXPDQGGHPRQVWUDWLRQRI WKHLQYROYPHQWRI
3&. LQ WKH SDWK RI SKDUPDFKRORJLFDO SUHFRQGLWLRQLQJ 33 E\ XVLQJ 3.& DFWLYDWRUV '2* DQG LQKLELWRUV
FKHOHU\WKULQH &+( DQG HYDOXDWLRQ RI WKH UROH RI .$73 FKDQQHOV LQ SKDUPDFKRORJLFDO SUHFRQGLWLRQLQJ 33
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PHFKDQLVPE\DGPLQLVWUDWLRQRIDQ.$73FKDQQHORSHQHU &URPDNDOLP &5.RUE\ LQKLELWLQJ WKHRSHQLQJRI
.$73FKDQQHOVZLWKJOLEHQFODPLGH*/%
 7R WHVW WKH K\SRWKHVLV ZKHWKHU SKDUPDFKRORJLFDO DFWLYDWRUV RI 3&. DQG GLRFWDQR\OVQJO\FHURO '2* D
GLDF\OJO\FHURO DQDORJXH DQG .$73 FKDQQHOV &URPDNDOLP &5. SHUIXVHG LQ UDW KHDUW EHIRUH OHWKDO LVFKHPLD
FRXOGPLPLFWKHLVFKHPLFSUHFRQGLWLRQLQJZLWKOLPLWLQJWKHLQIDUFWVL]HDVDQHQGSRLQW
7KHHIIHFWRIFRSHUIXVLRQRI'$*SKDUPDFKRORJLFDODFWLYDWRURI&3.*OLEOHQFODPLGH*/%SKDUPDFKRORJLFDO
LQKLELWRURI.$73FKDQQHODGPLQLVWUDWHGLQUDWKHDUWEHIRUHOHWKDOLVFKHPLDRQLQIDUFWVL]H
 7KH HIIHFW RI FRSHUIXVLRQ RI SKDUPDFKRORJLFDO DFWLYDWRU RI.$73  FKDQQHO&URPDNDOLP &5.&KHOHU\WKULQH
&+(WKHSKDUPDFKRORJLFDOLQKLELWRURI3&.DGPLQLVWUDWHGLQUDWKHDUWEHIRUHOHWKDOLVFKHPLDRQLQIDUFWVL]H
0DWHULDOVDQG0HWKRGV
Animals 
:KLWHPDOH:LVWDU UDWVDJHGPRQWKVROGJERG\ZHLJKWZHUHXVHG LQRXUVWXG\$OODQLPDOV
ZHUH IHG D VWDQGDUG GLHW KRXVHG XQGHU WKH VDPH FRQGLWLRQV DQG UHFHLYHG KXPDQH FDUH LQ DFFRUGDQFHZLWK 7KH
*XLGDQFHRQWKH2SHUDWLRQRIWKH$QLPDOV6FLHQWLILF3URFHGXUHV

The principle of retrograde myocardial perfusion in Langendorff system: 
([SHULPHQWDOVWXGLHVXVLQJLVRODWHGDQGSHUIXVHGUDWP\RFDUGLXPLQ/DQJHQGRUIIUHWURJUDGHSHUIXVLRQV\VWHPDUH
FRPPRQO\ SHUIRUPHG LQ UHVHDUFK ODERUDWRULHV WR VWXG\ WKH SK\VLRORJLFDO SKDUPDFRORJLFDO PRUSKRORJLFDO DQG
ELRFKHPLFDODVSHFWVRILVFKHPLDUHSHUIXVLRQLQMXU\DVZHOODVWRHYDOXDWHWKHYHQWULFXODUSHUIRUPDQFHWKHPHWDEROLF
SDUDPHWHUVDQGWKHFRURQDU\IORZSDUDPHWHUVLQGLIIHUHQWH[SHULPHQWDOVHWWLQJV
7KH V\VWHPZDV ILUVW LPDJLQHG DQG FUHDWHG E\2VFDU /DQJHUGRUII LQ  LQTXLULHVZHUHPDGH VWDUWLQJ IURP
&\RQ(LODV&DUO/XGZLJ,QVWLWXWHRI3K\VLRORJ\LQ/HLS]LJ*HUPDQ\LQWKHRULJLQDOO\SURSRVHG/DQJHUGRUII
PHWKRGVXIIHULQJVPDOOFKDQJHVRYHUWKHWLPH6NU]\SLHF6SULQJHWDO
7KHSULQFLSOHRIWKHPHWKRGLVDVIROORZVLVRODWHGP\RFDUGLXPLVSHUIXVHGE\UHWURJUDGHIORZIURPWKHDRUWDLQ
ZKLFKDFDQQXODV\VWHPLVLQVHUWHGWRYHKLFXODWHWKHR[\JHQDWHG/DQJHUGRUIIUHSHUIXVLRQLQIXVLRQOLTXLG
0\RFDUGLXP LV SHUIXVHG LQ GLDVWROHZKHQ DRUWLF YDOYH FORVXUH RFFXUV DQG LQIXVLRQ OLTXLG HQWHUV WKH FRURQDU\
V\VWHPODWHULWOHDYHVWKHFRURQDU\VLQXVDUULYHVLQWRWKHULJKWDWULXPWKHQSDVVHVWKHULJKWYHQWULFOHDQGOHDYHVWKH
KHDUWWKURXJKWKHSXOPRQDU\DUWHU\
7KH DGYDQWDJH RI LVRODWHG UDW P\RFDUGLDO SHUIXVLRQ VWXG\ LQ /DQJHUGRUII V\VWHP IRU H[SHULPHQWDO PRGHOV
FRPSDUHGZLWKLVFKHPLDUHSHUIXVLRQVWXGLHVSHUIRUPHGRQOLYLQJUDWVLVWKDWWKHH[WUDFDUGLDFPHFKDQLVPVRIQHXUR
KRUPRQDOFRQWURORODUHDEROLVKHGDQGZHFDQEHWWHUVWXG\VRPHRIWKHP\RFDUGLDOSURSHUWLHV
8VLQJWKLVV\VWHPKDVEHHQGHPRQVWUDWHGWKHUROHRIYDULRXVIDFWRUVXSRQWKHHOHFWULFDODFWLYLW\DQGP\RFDUGLDO
FRQWUDFWLOHIXQFWLRQWHPSHUDWXUHR[\JHQFDOFLXPLRQVDGUHQDOLQHDFHW\OFKROLQHDQGWKHHYDOXDWLRQRIP\RFDUGLDO
UHSHUIXVLRQOHVLRQVDQGWKHSUHSDUDWLRQIRUFDUGLDFWUDQVSODQWDWLRQ6NU]\SLHF6SULQJHWDO

Description of retrograde perfusion system Langerdorff 
)RUWKLVVWXG\ZHXVHG/DQJHQGRUIIDSSDUDWXV0/%SURGXFWLRQ$',QVWUXPHQWVDQGWLPHUHFRUGLQJVRIWZDUH
3RZHU/DE V\VWHPV IRU PRQLWRULQJ DQG DQDO\]LQJ WKH IROORZLQJ SDUDPHWHUV KHDUW UDWH (&* FRURQDU\ IORZ OHIW
YHQWULFXODUGHYHORSHGSUHVVXUHOHIWYHQWULFXODUV\VWROLFSUHVVXUHHQGGLDVWROLFOHIWYHQWULFXODUSUHVVXUHDQGWHPSHUDWXUH
)RUDOOWKHVHPHDVXUHPHQWVWKHUHDUHVHQVRUVFRQQHFWHGWR&383RZHU/DE63
(QVXULQJDFRQVWDQWFRURQDU\ IORZSHUIXVLRQ LVPDGHXVLQJ WKH0LQLSXOVSXPSDQG WKHSXPSFRQWUROXQLW
67+3XPS&RQWUROOHUWKHV\VWHPXVHGE\XVKDYLQJWKHDGYDQWDJHRYHUWKHFODVVLFDOV\VWHPWKDWJODVVFRQWDLQHUV
IRUHQVXULQJWKHFRURQDU\SHUIXVLRQZHUHHOLPLQDWHGWKHUHLVDEHWWHUFRQWURORIWHPSHUDWXUHGXULQJUHSHUIXVLRQZLWK
GLIIHUHQWVROXWLRQVFDQEHPDGHEHFDXVHWKHWDQNLVGLYLGHGLQGLIIHUHQWFRPSDUWPHQWV

Isolated heart surgical preparation for Langendorff perfusion system   
5DWVZHUH DQHVWKHWL]HGZLWK VRGLXP SHQWREDUELWDO PJNJ LQWUDSHULWRQDOO\ DQG JLYHQ KHSDULQ VRGLXP 
,8+HDUWVZHUHH[FLVHGDUUHVWHGLQLFHFROGEXIIHUDQGPRXQWHGRQDFRQVWDQWSUHVVXUHPP+J/DQJHQGRUII
SHUIXVLRQV\VWHP7KH\ZHUHSHUIXVHGZLWKDPRGLILHG.UHEV+HQVHOHLWELFDUERQDWHEXIIHUFRQWDLQLQJWKHIROORZLQJ
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FKHPLFDOV LQ PPRO/ 1D&O  1D+&2  .&O 0J62  .+32  &D&O  DQG JOXFRVH
7KHWHPSHUDWXUHFRQWUROOHGYDOXHRI&ZDVFRQWLQXRXVO\PRQLWRUHGE\DWKHUPRSUREHLQVHUWHGLQWRWKHULJKW
YHQWULFOH ,QIXVHG EXIIHUZDV IUHVKO\ SUHSDUHG DQG ILOWHUHG XVLQJ  QP K\GURSKRELFPLFURILOWUDWLRQPHPEUDQH
EDVHGRQDSRO\HWKHUVXOIRQHSRO\PHU6DUWRULXV$**RWWLQJHQ
$ODWH[IOXLGILOOHG LVRYROXPLFEDOORRQZDV LQWURGXFHG LQWR WKH OHIWYHQWULFOH WKURXJKWKH OHIWDWULDODSSHQGDJH
DQGLQIODWHGWRJLYHDSUHORDGRIWRPP+J7KHGHYLFHZDVSUHYLRXVO\VHWWRDFRQVWDQWIORZUDWH
POPLQWKHSHUIXVHGOLTXLGKDYLQJDFRQFHQWUDWLRQRI2&2S+/HIWYHQWULFXODUGHYHORSHGSUHVVXUH
KHDUW UDWH DQG FRURQDU\ IORZZHUH UHJLVWHUHG DW UHJXODU LQWHUYDOV$ VXUJLFDO QHHGOH LW KDV EHHQ XVHGZKLFKZDV
SDVVHGXQGHUWKHOHIWPDLQFRURQDU\DUWHU\DQGWKHHQGVRIWKHWKUHDGZHUHSDVVHGWKURXJKDVPDOOSODVWLFWXEHWR
IRUPDVQDUH5HJLRQDOLVFKHPLDZDVLQGXFHGE\WLJKWHQLQJWKHVQDUHDQGUHSHUIXVLRQZDVVWDUWHGE\UHOHDVLQJWKH
HQGVRIWKHWKUHDG

Treatment Protocols  
7KHH[SHULPHQWDOSURWRFROVDUHSUHVHQWHGLQ7DEOH$OOWUHDWPHQWVROXWLRQVZHUHLQLWLDOO\GLVVROYHGLQGLPHWK\O
VXOIR[LGH '062 DQG ILQDOO\ LQ .UHEV+HQVHOHLW VROXWLRQ VR WKDW ILQDO FRQFHQWUDWLRQ RI '062 GLG QRW H[FHHG
 LQ RUGHU QRW WR LQWHUIHUH ZLWK FDUGLDF SK\VLRORJ\ GLRFWDQRLOVQJO\FHURO '2* ± 3.& DFWLYDWRU ±
VROXWLRQPPRO/ FKHOHULWULQH &+(±3.& LQKLELWRU VROXWLRQPPRO/ FURPDNDOLP &5.±.$73±RSHQHU
VROXWLRQPPRO/JOLEHQFODPLGH*/,%±.$73±EORFNHUVROXWLRQPPRO/

7DEOH6FKHPHRIWUHDWPHQWVLQGLYLGXDOL]HGE\JURXSV
&21752/*URXS$ 6WDELOL]DWLRQ¶ ¶SHUIXVLRQ ,VFKHPLD¶ 5HSHUIXVLRQ¶
&+.±PPRO/*URXS% 6WDELOL]DWLRQ¶ &+.±¶ ¶SHUIXVLRQ ,VFKHPLD¶ 5HSHUIXVLRQ¶
*/%PPRO/*URXS& 6WDELOL]DWLRQ¶ */<±¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
'2*PPRO/*USXS' 6WDELOL]DWLRQ¶ '2*¶ ¶SHUIXVLRQ ,VFKHPLD¶ 5HSHUIXVLRQ¶
&+(±PPRO/*URXS( 6WDELOL]DWLRQ¶ &+(¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
'2*PPRO/*/%PPRO/
*URXS)
6WDELOL]DWLRQ¶ '2**/<±¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
&+(&5.*URXS* 6WDELOL]DWLRQ¶ &+(&+.±¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
3UHFRQG*URXS+ 6WDELOL]DWLRQ¶ ,VFK¶ ,VFK¶ 5HSHUI¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
&+(3UHFRQG*URXS, 6WDELOL]DWLRQ¶ &+(¶ ,VFK¶ 5HSHUI¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶
*/%3UHFRQG*URXS- 6WDELOL]DWLRQ¶ */<¶ ,VFK¶ 5HSHUI¶ ,VFKHPLD¶ 5HSHUIXVLRQ¶

Experimental groups 
$IWHU PRXQWLQJ WKH LVRODWHG KHDUW LQ WKH /DQJHUGRUII UHWURJUDGH SHUIXVLRQ V\VWHP SHUIXVLRQ RI KHDUWV ZDV
SHUIRUPHGZLWK.UHEV+HQVHOHLWVROXWLRQIRUPLQXWHVZLWKWKHVWDELOL]DWLRQRIWKHKHPRG\QDPLFSDUDPHWHUVKHDUW
UDWHFRURQDU\IORZOHIWYHQWULFXODUV\VWROLFSUHVVXUHWKDWSHULRGLVFDOOHGWKHVWDELOL]DWLRQSHULRG
7KHKHDUWVZHUHUDQGRPO\DVVLJQHGWRRIWUHDWPHQWJURXSV
*URXS$&RQWUROKHDUWVQ ZHUHSHUIXVHGZLWKGLPHWK\OVXOIR[LGHIRUPLQXWHVGXULQJVWDELOL]DWLRQ
IROORZHGE\PLQXWHV.UHEV+HQVHOHLW VROXWLRQ EHIRUHPLQXWHVRI UHJLRQDO LVFKHPLD DQGPLQXWHVRI
UHSHUIXVLRQ
*URXS%KHDUWVQ UHFHLYHGPLQXWHVSHUIXVLRQZLWK&URPDNDOLP&5.PPRO/DIWHUPLQXWHVVWDELOL
]DWLRQ IROORZHGE\PLQXWHV LQIXVLRQZLWK.UHEV+HQVHOHLW VROXWLRQEHIRUHPLQXWHVRI UHJLRQDO LVFKHPLD
DQGPLQXWHVUHSHUIXVLRQ
*URXS&KHDUWVQ UHFHLYHGLQIXVLRQVROXWLRQZLWK*OLEHQFODPLGH*OLEPRO/IRUPLQXWHVEHIRUH
PLQXWHVUHJLRQDOLVFKHPLDDQGPLQXWHVUHSHUIXVLRQ
 *URXS ' KHDUWV Q  LQIXVLRQ ZLWK  GLRFWDQRLOVQJO\FHURO '2*  P PRO/ IRU  PLQ IROORZHG E\
SHUIXVLRQZLWK.UHEV+HQVHOHLW VROXWLRQ IRU PLQ JURXS' EHIRUH PLQXWHV UHJLRQDO LVFKHPLD DQG 
PLQXWHVUHSHUIXVLRQ
 *URXS ( KHDUWV Q  LQIXVLRQZLWK FKHOHU\WKULQH &+( P PRO/ VROXWLRQ IRU PLQ EHIRUH PLQXWHV
UHJLRQDOLVFKHPLDDQGPLQXWHVUHSHUIXVLRQ
*URXS ) KHDUWV Q  FRSHUIXVHGZLWK '2* P PRO/ DQG  PRO/ IRU PLQXWHV EHIRUH PLQXWHV
UHJLRQDOLVFKHPLDDQGPLQXWHVUHSHUIXVLRQ
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 *URXS * KHDUWV Q  FRSHUIXVHG ZLWK FRPELQHG VROXWLRQV RI &+( P PRO/ DQG &5.  PPRO/
FRQFHQWUDWLRQVIRUPLQXWHVEHIRUHPLQXWHVUHJLRQDOLVFKHPLDDQGPLQXWHVUHSHUIXVLRQ
*URXS+KHDUWVQ +HDUWVZHUHSUHFRQGLWLRQHG,3&IRU[PLQJOREDOLVFKDHPLDDOWHUQDWHGZLWKPLQXWHV
UHSHUIXVLRQEHIRUHPLQXWHVUHJLRQDOLVFKHPLDDQGPLQXWHVUHSHUIXVLRQ
*URXS,KHDUWVQ XQGHUZHQWWKH,3SURWRFROLQWKHSUHVHQFHRIPPRO/&+(7KHGUXJZDVDGGHGWRWKH
SHUIXVDWHPLQXWHVEHIRUHVWDUWLQJWKHSUHFRQGLWLRQLQJSURWRFRODQGZDVSUHVHQWWKURXJKRXWWKLVSURWRFRO
*URXS-KHDUWVQ 8QGHUZHQWWKH,3&SURWRFROLQWKHSUHVHQFHRIPPRO/*OLEZKLFKZDVDGGHGWRWKH
SHUIXVDWHPLQXWHVEHIRUHVWDUWLQJWKHSUHFRQGLWLRQLQJSURWRFRODQGZDVSUHVHQWWKURXJKRXWWKLVSURWRFRO
$IWHU PRXQWLQJ WKH LVRODWHG KHDUW LQ WKH /DQJHUGRUII UHWURJUDGH SHUIXVLRQ V\VWHP SHUIXVLRQ RI KHDUWV ZDV
SHUIRUPHGZLWK.UHEV+HQVHOHLWVROXWLRQIRUPLQXWHVZLWKWKHVWDELOL]DWLRQRIWKHKHPRG\QDPLFSDUDPHWHUVKHDUW
UDWHFRURQDU\IORZOHIWYHQWULFXODUV\VWROLFSUHVVXUHWKDWSHULRGLVFDOOHGWKHVWDELOL]DWLRQSHULRG

Infarct Size Measurement 
$WWKHHQGRIWKHUHSHUIXVLRQSHULRGWKHVQDUHZDVWLJKWHQHGWRLQRUGHUWRUHRFFOXGHWKHFRURQDU\DUWHU\DQGD
VDOLQH VROXWLRQ RI  (YDQV EOXH ZDV LQIXVHG VORZO\ E\ ZD\ RI WKH DRUWD 7KLV SURFHGXUH GHOLQHDWHG WKH
QRQLVFKHPLF]RQHRIWKHP\RFDUGLXPDVDGDUNEOXHDUHD$IWHUWRKRXUVDW&WKHKHDUWVZHUHVOLFHGLQWR
PPWKLFNWUDQVYHUVHVHFWLRQVDQGLQFXEDWHGLQ WULSKHQ\OWHWUD]ROLXPFKORULGHVROXWLRQLQSKRVSKDWHEXIIHUS+
DW&IRUWRPLQXWHV7KHWLVVXHVOLFHVZHUHWKHQIL[HGLQIRUPDOLQ$WWKHHQGRIWKLVSURFHGXUHLQ
WKHULVN]RQH WKHYLDEOH WLVVXHZDVVWDLQHGUHGDQG WKH LQIDUFWHG WLVVXHDSSHDUHGSDOH7KHVOLFHVZHUHGUDZQRQWR
DFHWDWHVKHHWV7RGHWHUPLQHP\RFDUGLDODUHDRQVHFWLRQVFRPSXWHUL]HGSODQLPHWU\KDVEHHQXVHGHDFKVHFWLRQZDV
DQDO\]HG VHSDUDWHO\E\GUDZLQJ WKHDUHDRI LQIDUFWLRQXVLQJDQHOHFWURQLF WDEOHW *HQLXV*3(1560;[
0XOWLPHGLD7DEOHW FRQQHFWHG WR WKH FRPSXWHUPHDVXUHG DV  SHUFHQWDJH RI LQIDUFWHG WLVVXHZLWKLQ WKH YROXPH RI
P\RFDUGLXPDWULVN

Statistical analysis 
)RUGDWDSURFHVVLQJZHXVHG6366DQG0LFURVRIW([FHOLQ2IILFH7KHUHVXOWVZHUHH[SUHVVHGDVPHDQ
YDOXHVWDQGDUGGHYLDWLRQIRUVWDWLVWLFDOVLJQLILFDQFHWHVWLQJZHXVHG$129$DQG)LVKHUWHVWS
5HVXOWVDQG'LVFXVVLRQV
Hemodynamic Data 
%DVHOLQHGDWDUHODWLQJWRSK\VLRORJLFDOSDUDPHWHUVRIFDUGLDFIXQFWLRQ)LJXUH7DEOHDQGFRURQDU\IORZUDWHV
EHIRUHUHJLRQDOLVFKHPLDZKHUHVLPLODULQDOOH[SHULPHQWDOJURXSV'XULQJUHJLRQDOLVFKHPLDFRURQDU\IORZDQGOHIW
YHQWULFXODUGHYHORSHGSUHVVXUHGHFUHDVHGWRDVLPLODUH[WHQWLQDOOJURXSV$QLQFUHDVHLQFRURQDU\IORZGXULQJWKH
ILUVW PLQXWHV RI UHSHUIXVLRQ ZDV LQGLFDWLYH RI VXFFHVVIXO UHIORZ EXW FRURQDU\ IORZ VXEVHTXHQWO\ GHFOLQHG LQ DOO
JURXSVGXULQJWKHIROORZLQJPLQXWHUHSHUIXVLRQSHULRG)LJXUH7DEOH'XULQJUHSHUIXVLRQOHIWYHQWULFXODU
GHYHORSHGSUHVVXUHUHFRYHUHGJUDGXDOO\WKRXJKQHYHUUHDFKLQJVWDELOL]DWLRQYDOXHV)LJXUH7DEOH
7KHGLIIHUHQFHVLQERG\ZHLJKWDQGP\RFDUGLDOPDVVEHWZHHQWKHVWXGLHGJURXSVZHUHQRWVWDWLVWLFDOO\VLJQLILFDQW
$QDO\]LQJ WKH HYROXWLRQ RI/9'3 DQG H[SUHVVLQJ WKH UHVXOW DV D SHUFHQWDJH RI WKH LQLWLDO YDOXHZH IRXQG DQ
LPSURYHPHQW RI /9'3 UHFRYHU\ DW  PLQXWHV RI UHSHUIXVLRQ    LQ WKH JURXS WKDW UHFHLYHG LVFKHPLF
SUHFRQGLWLRQLQJJURXS+FRPSDUHGZLWKFRQWUROVJURXS$SDQGDVLJQLILFDQWUHFRYHU\RI/9'3
DWPLQXWHVRIUHSHUIXVLRQLQWKHJURXSZLWKLVFKHPLFSUHFRQGLWLRQLQJDQGLQWKHFRQWUROJURXS
S
7KHLQYHVWLJDWLRQRIWKHLQYROYHPHQWRI3.&LQWKHPHFKDQLVPRILVFKHPLFSUHFRQGLWLRQLQJZDVGRQHXVLQJWKH
DGPLQLVWUDWLRQRI3.&SKDUPDFKRORJLFDODFWLYDWRUV'2*DQGWKDW3.&LQKLELWRUVFKHOHU\WKULQH
:KHQZHFRPSDUHGWKHJURXSZLWKLVFKHPLFSUHFRQGLWLRQLQJJURXS+WKHUHLVDVLJQLILFDQWUHGXFWLRQRI/9'3
YDOXHV DW PLQXWHV RI UHSHUIXVLRQ DW PLQXWHV RI UHSHUIXVLRQ LQ WKH JURXS WUHDWHGZLWK FKHO\UHWKULQH &+(
JURXS(DQGS/9'3UHFRYHU\DWDQGPLQXWHVRIUHSHUIXVLRQLQWKHJURXSWKDW
UHFHLYHG D3.&DFWLYDWRU '2* JURXS( DQGZDVQRW LPSRUWDQWZKHQFRPSDUHGZLWK WKH
UHVXOWVIURPWKHJURXSUHFHLYLQJVLPSOHSUHFRQGLWLRQLQJJURXS+EXWLVLPSRUWDQWZKHQFRPSDUHGZLWKWKHFRQWURO
JURXSJURXS$UHVSHFWLYHO\S
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Infarct Size Data 
7KH ULVN ]RQH YROXPH ZDV VLPLODU LQ DOO H[SHULPHQWDO JURXSV DW  FP ,QIDUFW VL]H LV UHSUHVHQWHG DV WKH
SHUFHQWDJH RI WHWUD]ROLXPQHJDWLYH WLVVXH LQ WKH LVFKHPLF ULVN ]RQH $V H[SHFWHG ,3& VLJQLILFDQWO\ UHGXFHG WKH
DPRXQWRILQIUDFWHGWLVVXHLQWKHULVN]RQH*URXS+KHDUWFRPSDUHGZLWKFRQWURO*URXS$KHDUWVYV
S
&RPSDULQJ WKH ILQDO VL]H RI P\RFDUGLDO LQIDUFWLRQ LQ WKH VWXGLHG JURXSV WKHUH LV D VWDWLVWLFDOO\ VLJQLILFDQW
UHGXFWLRQLQILQDO LQIDUFWVL]H LQKHDUWVIURPLVFKHPLFSUHFRQGLWLRQLQJJURXSJURXS+FRPSDUHGZLWKWKHFRQWURO
JURXSJURXS$YVSDQGWKHJURXSWUHDWHGZLWK'2*DFWLYDWRURI3&.JURXS'
FRPSDUHGZLWKWKHFRQWUROJURXS$YVS
*URXS%WUHDWHGRQO\ZLWK&+.WKHSKDUPDFKRORJLFDODFWLYDWRURI.$73FKDQQHOVKRZHGDUHGXFWLRQLQILQDO
VL]HRIP\RFDUGLDOLQIDUFWLRQFRPSDUHGZLWKFRQWUROJURXS$YVS 
,Q JURXS & WUHDWHGZLWK*/% DQ LQKLELWRU RI.$73 FKDQQHO WKHUHZDV DQ LQFUHDVH LQ LQIDUFW VL]H YV &RQWURO
*URXS&YV*URXS$S 
,Q*URXS(WUHDWHGZLWK&+(DVLQKLELWRURI3.&WKHUHZDVDQLQFUHDVHLQLQIDUFWVL]HDERYH&RQWURO$YDOXHV
*URXS(YVS 
:KHQ'2*ZDV FRSHUIXVHGZLWK*/% *URXS) WKH ,3&ZDV DEROLVKHG DV WKH LQIDUFW VL]H GDWD KDYH VKRZQ
*URXS)YV*URXS$
:KHQ &+( ZDV FRSHUIXVHG ZLWK &5. *URXS * WKHUH ZDV QR FDUGLRSURWHFWLYH HIIHFW DFFRPSDQLHG E\ DQ
LQFUHDVHLQLQIDUFWVL]H*URXS*YVS 
:KHQ &+( *URXS , DQG */% *URXS - ZHUH SHUIXVHG EHIRUH WKH ,&3 SURWRFRO WKHUH ZDV D ORVV RI WKH
FDUGLRSURWHFWLYHHIIHFWRILVFKHPLFSUHFRQGLWLRQLQJZLWKDQLQFUHDVHLQLQIDUFWVL]HWKHYDOXHVLQERWKJURXSVGLGQRW
H[FHHGWKH&RQWURO
&+(*URXS,YV*URXS$DQG*/%*URXS-YV*URXS$

7DEOH)HDWXUHVRIH[SHULPHQWDOJURXSV

*URXS 1RUDWV %:J +HDUWZHLJKWJ
$   
%   
&   
'   
(   
)   
*   
+   
,   
-   


)LJ3UHVVXUHRIWKHFRURQDU\SHUIXVDWH&33HYROXWLRQLQWKHVWXGLHGJURXSV










3&3
VWDELOL]DWLRQ
3&3WUHDWPHQW 3&3LQLWLDO
UHSHUIXVLRQ
PP+J
3&3¶
UHSHUIXVLRQ
3&3¶
UHSHUIX]LH
$
%
&
'
(
)
*
+
,
-
306   Cristian Romeo Revnic et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  299 – 310 
7DEOH3&3UHVXOWV
*URXS 3&3VWDELOL]DWLRQ
PP+J
3&3WUHDWDPHQW
PP+J
3&3LQLWLDOUHSHUIXVLRQ
PP+J
3&3¶UHSHUIXVLRQ
PP+J
3&3¶UHSHUIXVLRQ
PP+J
$     
%     
&     
'     
(     
)     
*     
+     
,     
-     

)LJ/9'3HYROXWLRQLQWKHVWXGLHGJURXSVDQGWKHH[SHULPHQWDOVWDJHV

7DEOH/9'3UHVXOWVS
*URXS /9'3LQLWLDO
PP+J
/9'3DIWHUWUHDWPHQW
PP+J
/9'3DWWKHEHJLQLQJRI
UHSHUIXVLRQPP+J
/9'3¶RIUHSHUIXVLRQ
PP+J
/9'3¶RI
UHSHUIXVLRQPP+J
$     
%     
&     
'     
(     
)     
*     
+     
,     
-     


)LJ+HDUWUDWHHYROXWLRQLQWKHVWXGLHGJURXSV






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


,QLWLDO/9'3
PP+J
/9'3DIWHU
WUHDWPHQW
PP+J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EHJLQQLQJRI
UHSHUIXVLRQ
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7DEOH+HDUWUDWHUHVXOWV
*URXSV 6WDELOL]DWLRQ
%SP
6SHFLDOWUHDWPHQWV
%SP
,QLWLDOUHSHUIXVLRQ
%SP
¶UHSHUIXVLRQ
%SP
¶UHSHUIXVLRQ
%SP
$     
%     
&     
'     
(     
)     
*     
+     
,     
-     

)LJ(YDOXDWLRQRILQIDUFWVL]HGHWHUPLQHGIURPULVNDUHD

2XUGDWDRQLVFKHPLF,3&RIWKHUDWP\RFDUGLXPFRQVLVWLQJLQ[PLQJOREDOLVFKHPLDDOWHUQDWHGZLWKPLQ
UHSHUIXVLRQEHIRUHWKHOHWKDOLVFKHPLDDQGUHSHUIXVLRQSRLQWHGRXWDVLJQLILFDQWUHGXFWLRQLQLQIDUFWVL]HIROORZLQJ
,3&SURWRFRO *URXS+YHUVXVFRQWURO *URXS$ YVS7KLVYDOXHZDVXVHGDVD
UHIHUHQFH IRU WKH LQIDUFW VL]H GDWD REWDLQHG ZLWK PLPHWLFV RI SKDUPDFKRORJLFDO SUHFRQGLWLRQLQJ 33 VXFK DV
GLDF\OJO\FHURODQDORJXH'2*DFWLYDWRURI3&.DQGFURPDNDOLPDFWLYDWRURI.$73FKDQQHOV
&RQYHUVHO\ .$73 RSHQHUV PLPLFNHG SUHFRQGLWLRQLQJ UHGXFLQJ WKH VL]H RI WKH LQIUDFWHG DUHD DQG .$73
LQKLELWRUVDEROLVKHGWKLVHIIHFW
$FWLYDWLRQRINLQDVHV LQFOXGLQJ3.&BS0$3.3.*DQGW\URVLQHNLQDVHV5HYQLFHWDOLVSDUWRI
GRZQVWUHDPVLJQDOLQJ$VDOUHDG\PHQWLRQHG.$73FKDQQHOVDUHWDUJHWVIRUYDULRXVNLQDVHVLQFOXGLQJ3.&3.$
DQG3.*DQGDUHDFWLYDWHGE\UHDFWLYHR[\JHQVSHFLHV526+25HYQLFHWDO
,QGHHG SKDUPDFRORJLFDO HYLGHQFH VRRQ LGHQWLILHG .$73 DFWLYDWLRQ DV D PDMRU HOHPHQW LQ WKH PHFKDQLVP RI
SUHFRQGLWLRQLQJVLQFHLQKLELWRUVDEROLVKHGWKHHIIHFW5HYQLFHWDO
7KH $73VHQVLWLYH SRWDVVLXP FKDQQHO .$73 RSHQHUV HJ FKURPDNDOLP ZHUH RULJLQDOO\ GHYHORSHG IRU WKH
WUHDWPHQW RI K\SHUWHQVLRQ GXH WR WKHLU SRWHQW SHULSKHUDO YDVRGLODWLQJ SURSHUWLHV 7KH FDUGLRSURWHFWLYH HIIHFWV RI
.$73RSHQHUV DUHQRW FRUUHODWHGZLWK HQKDQFHG VDUFROHPPDO SRWDVVLXPFXUUHQWV*URYHU DQG6OHSK KDYH
EHHQ K\SRWKHVL]HG WR LQYROYH DQ LQWUDFHOOXODU PHFKDQLVP 6HYHUDO VWXGLHV KDYH UHDFKHG WKH FRQFOXVLRQ WKDW
DFWLYDWLRQRIPLWRFKRQGULDO.FKDQQHOVUHGXFHVRUSUHYHQWVWKHJHQHUDWLRQRI526
7KHJURXSWUHDWHGRQO\ZLWK&5.JURXS%WKHRSHQHURI.$73VDUFROHPDODQGPLWRFRQGULDOFKDQQHOLQGXFHG
FDUGLRSURWHFWLRQE\UHGXFWLRQLQIDUFWVL]HFRPSDUHGZLWK&RQWUROJURXS$YVS 
2XUUHVXOWVDUHLQDFFRUGDQFHZLWKWKHOLWHUDWXUHGDWD6SHHFKO\'LFNHWDO
&URPDNDOLPLVUHSRUWHGWRPLPLFWKHHIIHFWVRIDGHQRVLQHWKDWPDNHUDWYHQWULFXODUP\RF\WHVLQVHQVLWLYHWRDOSKD
DGUHQHUJLFDJRQLVWVE\D*LSURWHLQGHSHQGHQWPHFKDQLVP*URYHUDQG6OHSK
.$73FKDQQHOEORFNHU*/%DEROLVKHGWKLVHIIHFW*URXS&Q YVS 
7KH SKDUPDFKRORJLFDO DFWLYDWRU RI &3.'2* OLPLWHG WKH LQIDUFW VL]H ZKHQ SHUIXVHG EHIRUH OHWKDO LVFKHPLD
PLPLFNLQJWKHLVFKHPLFSUHFRQGLWLRQLQJLQUDWKHDUWDWDYDOXHDERYHWKDWDFKLHYHGZLWK,3&SURWRFROLH*URXS'
YV*URXS$S
7KHSURWHFWLRQZDVEORFNHGE\&3.LQKLELWRU &+( WKHVHGDWDSURYLGHVVXSSRUW IRU WKHK\SRWKHVLV WKDW3&.
SOD\VDFUXFLDOUROHLQLVFKHPLFSUHFRQGLWLRQLQJ6SHHFKO\'LFNHWDO
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'XULQJ LVFKHPLD P\RFDUGLDO VDUFROHPPDO $73GHSHQGHQW SRWDVVLXP .$73 FKDQQHOV ZKLFK DUH QRUPDOO\
FORVHGE\KLJK$73FRQFHQWUDWLRQRSHQZKHQ$73JHQHUDWLRQGHFUHDVHVIDYRULQJ.HIIOX[7KLVUHGXFHVDFWLRQ
SRWHQWLDOGXUDWLRQ$3'GHFUHDVLQJ WKH WLPHRI&D LQIOX[DQG&DRYHUORDG7KLVEHKDYLRUVXJJHVWHG WKDW WKH\
PLJKW EH LQYROYHG LQ WKH SURWHFWLRQ DJDLQVW VWXQQLQJ DQG DUUK\WKPLDV DQG LQ WKH PHFKDQLVP RI LVFKHPLF
SUHFRQGLWLRQLQJ
$XFKDPSDFK  ILUVW IRXQG WKDW SUHFRQGLWLRQLQJ SURWHFWLRQ LV DEROLVKHG E\.$73 FKDQQHO LQKLELWRUV DQG
PLPLFNHGE\.$73FKDQQHORSHQHUVVXJJHVWLQJWKHLQYROYHPHQWRIWKLVFKDQQHOLQSUHFRQGLWLRQLQJ
7KHLQIDUFWVL]HDUHDDWULVNZDVLQFUHDVHGDERYH&RQWROZKHQ*/%JURXS&RU&+(JURXS(ZHUHSHUIXVHG
EHIRUHWKHOHWKDOLVFKHPLD*URXS&YV*URXS$DQG*URXS(YV
*URXS$S 
$OVRWKHUHZDVORVVRIFDUGLSURWHFWLYHHIIHFWRILVFKHPLFSUHFRQGLWLRQLQJZKHQ&+(RU*/%ZDVDGPLQLVWUDWHG
EHIRUHWKHLVFKHPLFSUHFRQGLWLRQLQJSURWRFRO
*URXS,&+(*URXS,YV*URXS$
*/%*URXS-YV*URXS$SURWRFRO
,W LVZHOOHVWDEOLVKHG WKDWJOLEHQFODPLGHFDQDOVREORFNVDUFROHPPDO.$73FKDQQHOV LQDQXPEHURIRWKHUFHOO
W\SHV LQFOXGLQJYDVFXODUVPRRWKPXVFOHFHOOVFDUGLDFP\RF\WHVDQGYDVFXODUHQGRWKHOLXPDVZHOODV WKH.$73
FKDQQHOVVLWXDWHGRQWKHLQQHUPHPEUDQHRIPLWRFKRQGULD
2XUGDWDSRLQWHGRXWWKDW*OLEHQFODPLGH*/%DEROLVKHGWKHFDUGLRSURWHFWLYHHIIHFWRILVFKHPLFSUHFRQGLWLRQLQJ
,3 SUHVXPDEO\ E\ LQKLELWLQJ PLWRFKRQGULDO . $73 FKDQQHO RSHQLQJ LQ P\RF\WHV *URXS & DQG *URXS -
*OLEOHQFODPLGHEXWQRW JOLPHSLULGHRUJOLFOD]LGHKDV WKH DELOLW\ WRDEROLVK WKH FDUGLRSURWHFWLYH HIIHFW HOLFLWHGE\
,3&IURPLWVDQWDJRQLVWLFDFWLRQVRQWKH$73GHSHQGHQWSRWDVVLXPFKDQQHOVZLWKLQFDUGLDFPLWRFKRQGULDZKLFKDUH
UHFRJQL]HGWREHSLYRWDOWR,3&LQGXFHGFDUGLRSURWHFWLRQ'HUHNHWDO
,QWKLVFRQWH[WRQHRIWKHPRVWSRWHQWPHFKDQLVPVRISURWHFWLRQDJDLQVWP\RFDUGLDOLVFKHPLDUHSHUIXVLRQLQMXU\
LVLVFKHPLFSUHFRQGLWLRQLQJ0XUU\HWDO
$VXEVWDQWLDOERG\RIHYLGHQFHLPSOLFDWHVPLWRFKRQGULDO.$73FKDQQHORSHQLQJDVSOD\LQJDFHQWUDOUROHLQWKH
DFTXLVLWLRQRIWKLVSURWHFWLRQ0XUU\HWDO<HOORQHWDO$OWKRXJKLWLVQRWFOHDUO\HVWDEOLVKHGZKHWKHU
PLWRFKRQGULDO.$73FKDQQHORSHQLQJSOD\VDWULJJHUUROHSUR[LPDOHYHQWRUDFWVDVDGLVWDOHIIHFWRURISURWHFWLRQ
JOLEHQFODPLGHKDVEHHQVKRZQWRDWWHQXDWHWKLVSUHFRQGLWLRQLQJUHVSRQVHLQDQLPDOVWXGLHV<HOORQHWDO
7KHUHDUHDOVRGDWDIURPKXPDQVWXGLHVLQZKLFKSUHFRQGLWLRQLQJKDVEHHQH[DPLQHGZLWKVXUURJDWHHQGSRLQWV
VXFK DV 67VHJPHQW GHYLDWLRQ GXULQJ UHSHDWHG LQWUDFRURQDU\ EDOORRQ LQIODWLRQV WKDW VXSSRUW WKH QRWLRQ WKDW
JOLEHQFODPLGHEOXQWVWKHSUHFRQGLWLRQLQJUHVSRQVH
6HYHUDOVWXGLHVKDYHUHDFKHGWKHFRQFOXVLRQWKDWDFWLYDWLRQRIPLWRFKRQGULDO.BFKDQQHOVUHGXFHVRUSUHYHQWVWKH
JHQHUDWLRQRI5267RPDLHWDO
:KHQ '2* ZDV FRSHUIXVHG ZLWK */% *URXS ) EHIRUH WKH OHWKDO LVFKHPLD WKH ORVV RI SURWHFWLRQ ZDV
DFFRPSDQLHGE\DQLQFUHDVHLQLQIDUFWVL]HDULDDWULVN*URXS)YV*URXS$WKHYDOXHV
ZHUHEHORZ&RQWURO
2QWKHRWKHUKHDQGZKHQ&5.ZDVFRSHUIXVHGZLWK&+(*URXS*EHIRUHWKHOHWKDOLVFKHPLDWKHUHZDVQR
FDUGLRSURWHFWLYHHIIHFWZLWKDQLQFUHDVHLQLQIDUFWVL]H*URXS*YV*URXS$S 
&+(DEROLVKHG WKH FDUGLRSURWHFWLYH HIIHFW RI&5.DFFRPSDQLHGE\ DQ LQFUHDVH LQ LQIDUFW VL]H DERYH WKH&RQWURO
YDOXHV
&RQFOXVLRQV
,VFKHPLFSUHFRQGLWLRQLQJLVDQHQGRJHQRXVFDUGLRSURWHFWLYHPHFKDQLVPLQZKLFKDFFHVVRU\QHUYHSDWKZD\VDUH
QRWLQYROYHGWKLVIDFWEHLQJGHPRQVWUDWHGE\WKHHIIHFWRILVFKHPLFSUHFRQGLWLRQLQJRQLVRODWHGUDWKHDUW
,QIDUFWVL]HDVDJROGHQVWDQGDUGKDVEHHQUHGXFHGWRDEHWWHUGHJUHHWKDQ,3&ZKHQSKDUPDFKRORJLFDODFWLYDWRU
'2*RI3.&KDVEHHQSHUIXVHGEHIRUHOHWKDOLVFKHPLD 
 . $73 FKDQQHO RSHQHU &URPDNDOLP &5. OLPLWHG WKH LQIDUFW VL]H ZKHQ SHUIXVHG EHIRUH OHWKDO LVFKHPLD
PLPLFNLQJWKHLVFKHPLFSUHFRQGLWLRQLQJLQUDWKHDUWFRPSDUHGWRFRQWUROJURXS
 7KH SURWHFWLYHPHFKDQLVP RI. FKDQQHOV RSHQHU VHHP WR EH WKH UHVXOW RI WKHLU FDSDFLW\ WR DFWLYDWH.$73
FKDQQHOV IURP LVFKHPLF P\RFDUGLXP WKH\ VHHP WR SRVVHVV D XQLTXH DQWLLVFKHPLFPHFKDQLVPZKLFK FDQQRW EH
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H[SODLQHGE\LPSURYLQJWKHR[\JHQVXSSO\RUUHGXFWLRQRILWVFRQVXPSWLRQDQGWKHDQWLLVFKHPLFHIIHFWLVSURGXFHG
E\DGLUHFWFDUGLRSURWHFWLYHDFWLRQ
 7KH K\SRWKHVLV LV VXVWDLQHG E\ WKH REVHUYDWLRQ WKDW SUHWUHDWPHQWV RI GRJVZLWK*/% UHGXFH WKH EHQHILW RI
FURPDNDOLP&5.XSRQ.FKDQQHOV
,VFKHPLDUHSHUIXVLRQPRGLILHVIXQFWLRQDOSDUDPHWHUVLQLVRODWHGKHDUWDQGWKHDFWLRQRIIDFWRUVZKLFKDFWXSRQ
.FKDQQHOVHLWKHUEORFNLQJRUGHEORFNLQJWKHPLVH[SUHVVHGE\PRGLILFDWLRQRIWKHVHIXQFWLRQDOSDUDPHWHUV
:KHQDFWLYDWRURI3&.'2**/%DQ.$73FKDQQHOLQKLELWRUZHUHFRSHUIXVHGEHIRUHWKHOHWKDOLVFKHPLD
WKHUHZDVDQ LQFUHDVH LQP\RFDUGLDO LQIDUFW VL]HH[SUHVVHGDVDSHUFHQWDJHRI WKHDUHDDW ULVNYHUVXVFRQWURO WKH
FDUGLRSURWHFWLYHHIIHFWRI'2*EHLQJDEROLVKHGE\*/%7KHVDPHUHVXOWVZHUHREWDLQHGZKHQ&+(WKHLQKLELWRU
RI3&.ZDVFRSHUIXVHGZLWK&5.WKHDFWLYDWRURI.$73FKDQQHO
7KHHIIHFWRI&+(DQG*/%SHUIXVHGDWWKHEHJLQQLQJRI,3&UHVXOWHGLQORVVRISURWHFWLRQDFFRPSDQLHGE\
DVLJQLILFDQWLQFUHDVHLQLQIDUFWVL]HDUHD
7KHILQGLQJVRIWKLVVWXG\WKDWWKHDFWLYDWRUVRI3&.'2*DQGRI.$73FKDQQHO&5.OLPLWHGWKHLQIDUFW
VL]H ZKHQ SHUIXVHG EHIRUH OHWKDO LVFKHPLD PLPLFNLQJ WKH LVFKHPLF SUHFRQGLWLRQLQJ LQ UDW KHDUW DQG WKDW WKLV
SURWHFWLRQFDQEHEORFNHGE\&+(D3&.SKDUPDFKRORJLFDOLQKLELWRUSURYLGHVVXSSRUWIRUWKHK\SRWKHVLVWKDW3.&
DFWLYDWLRQ LV D SLYRWDO VWDJH LQ WKH SDWKZD\ RI LQWUDFHOOXODU VLJQDOOLQJ RI SUHFRQGLWLRQLQJ SOD\LQJ D UROH LQ FHOO
UHJXODWLRQ
 3URWHFWLRQ DJDLQVW P\RFDUGLDO LVFKHPLDUHSHUIXVLRQ LQMXU\ LV D SURPLVLQJ VWUDWHJ\ IRU DPHOLRUDWLQJ WKH
FRQVHTXHQFHVRIFRURQDU\GLVHDVHIRULQGLYLGXDODQGVRFLHWDOKHDOWK
 7KH XVDJH RI SKDUPDFRORJLFDO DJHQWV LQ LVFKHPLF FRQGLWLRQLQJ PD\ SURYLGH D PRUH EHQLJQ DSSURDFK IRU
HOLFLWLQJFDUGLRSURWHFWLRQLQWKHFOLQLFDOVHWWLQJ
)XUWKHUVWXGLHVDUHQHHGHG LQRUGHU WRFRPSOHWHRXUXQGHUVWDQGLQJRI WKHPHFKDQLVPVXQGHUO\LQJP\RFDUGLDO
DGDSWDWLRQDQGSKDUPDFKRORJLFDOFRQGLWLRQLQJFDQEHXVHGWRILQGQHZWKHUDSHXWLFDJHQWVZLWKQRYHOPHFKDQLVPVRI
DFWLRQWRVXSSOHPHQWWKHFXUUHQWWUHDWPHQWRSWLRQVIRUSDWLHQWVZLWKLVFKHPLFKHDUWGLVHDVH
5HIHUHQFHV
$XFKDPSDFK-$0DUX\DPD0*URVV*-&DUGLRSURWHFWLYHDFWLRQVRISRWDVVLXPFKDQQHORSHQHUV(XURSHDQ+HDUW-
%UDXQZDOG(.ORQHU5$7KHVWXQQHGP\RFDUGLXPSURORQJHGSRVWLVFKHPLFYHQWULFXODUG\VIXQFWLRQ&LUFXODWLRQ
&RVWD $' 3LHUUH 69 &RKHQ 09 'RZQH\ -0 *DUOLG .'  F*03 VLJQDOOLQJ LQ SUH DQG SRVWFRQGLWLRQLQJ WKH UROH RI
PLWRFKRQGULD&DUGLRYDVF5HV
'HUHN-+DXVHQOR\'-:\QQH00RFDQX00<HOORQ'0*OLPHSLULGH7UHDWPHQW)DFLOLWDWHV,VFKHPLF3UHFRQGLWLRQLQJLQWKH
'LDEHWLF+HDUW&DUGLRYDVF5HV±
'ROLQVN\9:'\FN-5%5ROHRI$03DFWLYDWHGSURWHLQNLQDVHLQKHDOWK\DQGGLVHDVHGKHDUWV$PHULFDQ-RXUQDORI3K\VLRORJ\YRO
±
'RZQH\-0'DYLV$0&RKHQ096LJQDOLQJSDWKZD\VLQLVFKHPLFSUHFRQGLWLRQLQJ+HDUW)DLO5HY
*DUOLG.'&RVWD$'4XLQODQ&/3LHUUH69'RV6DQWRV3&DUGLRSURWHFWLYHVLJQDOLQJWRPLWRFKRQGULD-0RO&HOO&DUGLRO

*R$6HWDO+HDUWGLVHDVHDQGVWURNHVWDWLVWLFVXSGDWHDUHSRUWIURPWKH$PHULFDQ+HDUW$VVRFLDWLRQ&LUFXODWLRQ
*URYHU *- 6OHSK 3*  3URWHFWLYH HIIHFW RI.$73 RSHQHUV LQ LVFKHPLF UDW KHDUWV WUHDWHGZLWK D SRWDVVLXP FDUGLRSOHJLF VROXWLRQ -
&DUGLRYDVF3KDUPDFRO±
.DQH *& /LX ;.<DPDGD 6 2OVRQ 70 7HU]LF $  &DUGLDF.$73 FKDQQHOV LQ KHDOWK DQG GLVHDVH -RXUQDO RI0ROHFXODU DQG
&HOOXODU&DUGLRORJ\YRO±
.DZDPXUD6<RVKLGD.0LXUD70L]XNDPL<0DWVX]DNL0 ,VFKHPLFSUHFRQGLWLRQLQJ WUDQVORFDWHV3.&įDQG3.&İZKLFK
PHGLDWHIXQFWLRQDOSURWHFWLRQLQLVRODWHGUDWKHDUW$P-3K\VLRO+HDUW&LUF3K\VLRO++
0XUU\ &( -HQQLQJV 5% 5HLPHU .$  3UHFRQGLWLRQLQJ ZLWK LVFKHPLD D GHOD\ RI OHWKDO FHOO LQMXU\ LQ LVFKHPLF P\RFDUGLXP
&LUFXODWLRQ
1LVKL]XND<,QWUDFHOOXODUVLJQDOLQJE\K\GURO\VLVRISKRVSKROLSLGVDQGDFWLYDWLRQRISURWHLQNLQDVH&6FLHQFH
4XLQODQ &/ &RVWD $' &RVWD &/ 3LHUUH 69 'RV 6DQWRV 3 *DUOLG .'  &RQGLWLRQLQJ WKH KHDUW LQGXFHV IRUPDWLRQ RI
VLJQDORVRPHVWKDWLQWHUDFWZLWKPLWRFKRQGULDWRRSHQPLWR.$73FKDQQHOV$P-3K\VLRO+HDUW&LUF3K\VLRO++
5HYQLF &5 *LQJKLQD & 1LFD $ 5HYQLF )  7KH LPSDFW RI LVFKHPLDUHSHUIXVLRQ XSRQ LRQLF WUDQVSRUW 1D . DQG IXQFWLRQDO
SDUDPHWHUV LQ UDW KHDUW)URP1HZDSSURDFKHV LQ FRURQDU\DUWHU\GLVHDVH3URFHHGLQJVRIWK ,QWHUQDWLRQDO&RQJUHVVRQ&RURQDU\$UWHU\
'LVHDVH3UDJXH&]HFK5HSXEOLF0HGLPRQG,QWHUQDWLRQDO3URFHHGLQJV
6NU]\SLHF6SULQJ0%DUWRV]*URWWKXV6]HOąJ$6FKXO]5,VRODWHGKHDUWSHUIXVLRQDFFRUGLQJWR/DQJHQGRUII6WLOOYLDEOHLQWKHQHZ
PLOOHQQLXP-RXUQDORI3KDUPDFRORJLFDODQG7R[LFRORJLFDO0HWKRGV9RO
6SHHFKO\'LFN0(0RFDQX00<HOORQ'(3URWHLQ.LQDVH&,WV5ROHLQ,VFKHPLF3UHFRQGLWLRQLQJLQWKH5DW&LUF5HV
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6WHLQEHUJ6)0HFKDQLVPVIRUUHGR[UHJXODWLRQRISURWHLQNLQDVH&)URQW3KDUPDFROGRLISKDU
6]ZF]\N$:RMWF]DN/0LWRFKRQGULDDVDSKDUPDFKRORJLFDOWDUJHW3KDUPDFKRO5HYLHZ
7RPDL)&UHD)*DVSDUGRQH$,VFKDHPLFSUHFRQGLWLRQLQJGXULQJFRURQDU\DQJLRSODVW\LVSUHYHQWHGE\JOLEHQFODPLGHDVHOHFWLYH$73
VHQVLWLYH.EORFNHU&LUFXODWLRQ±
:DQJ&60+X;LH+4LDR6*/LX+/LX&)5ROHRIPLWRFKRQGULDO$73VHQVLWLYHSRWDVVLXPFKDQQHOPHGLDWHG3.&HLQ
GHOD\HGSURWHFWLRQDJDLQVWP\RFDUGLDOLVFKHPLDUHSHUIXVLRQLQMXU\LQLVRODWHGKHDUWVRIVHYRIOXUDQHSUHFRQGLWLRQHGUDWV%UD]LOLDQ-RXUQDORI
0HGLFDODQG%LRORJLFDO5HVHDUFK
<HOORQ'0%D[WHU*)*DUFLD'RUDGR',VFKDHPLFSUHFRQGLWLRQLQJSUHVHQWSRVLWLRQDQGIXWXUHGLUHFWLRQV&DUGLRYDVF5HV±
